BACKGROUND: Expert guidelines recommend nonpharmacologic treatments and non-opioid medications for chronic pain and recommend against initiating longterm opioid therapy (LTOT). OBJECTIVE: We examined whether veterans with incident chronic pain receiving care at facilities with greater utilization of non-pharmacologic treatments and nonopioid medications are less likely to initiate LTOT. DESIGN: Retrospective cohort study PARTICIPANTS: Veterans receiving primary care from a Veterans Health Administration facility with incident chronic pain between 1/1/2010 and 12/31/2015 based on either of 2 criteria: (1) persistent moderate-to-severe patient-reported pain and (2) diagnoses Blikely to represent^chronic pain. MAIN MEASURES: The independent variable was facilitylevel utilization of pain-related treatment modalities (nonpharmacologic, non-opioid medications, LTOT) in the prior calendar year. The dependent variable was patient-level initiation of LTOT (≥ 90 days within 365 days) in the subsequent year, adjusting for patient characteristics. KEY RESULTS: Among 1,094,569 veterans with incident chronic pain from 2010 to 2015, there was wide facilitylevel variation in utilization of 10 pain-related treatment modalities, including initiation of LTOT (median, 16%; range, 5-32%). Veterans receiving care at facilities with greater utilization of non-pharmacologic treatments were less likely to initiate LTOT in the year following incident chronic pain. Conversely, veterans receiving care at facilities with greater non-opioid and opioid medication utilization were more likely to initiate LTOT; this association was strongest for past year facility-level LTOT initiation (adjusted rate ratio, 2.10; 95% confidence interval, 2.06-2.15, top vs. bottom quartile of facility-level LTOT initiation in prior calendar year). CONCLUSIONS: Facility-level utilization patterns of nonpharmacologic, non-opioid, and opioid treatments for chronic pain are associated with subsequent patientlevel initiation of LTOT among veterans with incident chronic pain. Further studies should seek to understand
C hronic pain is common, disabling, and disproportionately impacts veterans. An estimated 66% of veterans report any pain and 9% report severe pain. 1 Chronic pain is a complex condition involving biological, psychological, and social factors. To address this complexity, expert guidelines endorse multimodal care tailored to the unique needs of each patient. [2] [3] [4] Common treatment modalities include medications, procedural treatments, surgery, and non-pharmacologic therapies such as psychological, exercise/movement, and complementary and integrative health approaches. The 2017 Departments of Veterans Affairs and Defense guidelines on opioid therapy for chronic pain strongly recommend non-pharmacologic treatments and non-opioid medications for the treatment of chronic pain. These guidelines also recommend against initiation of long-term opioid therapy (LTOT) for chronic pain, citing the lack of high-quality evidence of benefit and growing evidence of harms. 2 Utilization of non-pharmacologic treatments and non-opioid medications may improve pain and function and thereby decrease the role of opioid medications. 5 However, an Bopioid-sparing^effect of multimodal and nonpharmacologic interventions has not been demonstrated in prior studies. 6 Though there is consensus around the importance of a multimodal approach to chronic pain, there remain significant barriers to accessing guideline-concordant pain care for many patients. 7 These barriers may include inadequate training in chronic pain management among primary care providers, poor availability of services such as physical therapy or pain specialty care, and out-of-pocket cost. These barriers may differ across healthcare facilities, healthcare systems, and communities. While wide variation in opioid prescribing has been previously described, little is known about variation in utilization of non-pharmacologic treatments and non-opioid medications for chronic pain. 8, 9 Additionally, at the level of the healthcare facility, it is not known whether variation in utilization of non-pharmacologic treatments and non-opioid medications is associated with patient outcomes.
To address these gaps, we first sought to describe facilitylevel variation in pain-related treatment among a national cohort of veterans with incident chronic pain. We then examined the association between facility-level non-pharmacologic and non-opioid treatment utilization and subsequent patient initiation of LTOT. We hypothesized that veterans receiving care at facilities with greater utilization of non-pharmacologic treatments and non-opioid medications in the prior year would be less likely to initiate LTOT.
METHODS

Study Population and Data Source
To identify a cohort of patients with incident chronic pain, we adapted a published algorithm to identify patients with chronic pain using clinical data from the electronic health record. 10 We defined chronic pain based on either of two criteria: (1) persistent moderate-to-severe patient-reported pain and (2) the presence of diagnostic codes Blikely to represent chronic pain.^We defined persistent moderate-to-severe patientreported pain as at least 3 pain numeric rating scores of ≥ 4 (on a scale from 0 to 10) within a single year with at least 30 days between scores. Second, we identified encounters with the International Classification of Diseases, 9th Revision (ICD-9) diagnosis codes Blikely to represent chronic pain.^1 0 Individuals with two or more outpatient encounters within a 2-year period or a single inpatient encounter with a chronic pain diagnosis met criteria for chronic pain. We mapped ICD-9 codes to ICD-10 codes using the General Equivalence Mappings tool created by Centers for Medicare and Medicaid Services. 11 The chronic pain index date was defined as the earliest date on which an individual met either criteria.
To identify veterans with incident chronic pain from 2010 to 2015, we excluded individuals who met chronic pain criteria during the 2-year period from 1/1/2008-12/31/2009.To identify veterans receiving primary care in the Veterans Health Administration (VHA), we excluded individuals with no outpatient primary care visits in the year prior to and including their index date (Fig. 1) . We excluded those with any palliative care visits in the prior year or whose date of death was within 1 day of their index date. We excluded veterans if their home facility was not a medical center (e.g., a community-based clinic or nursing home) as access to referral-based pain care resources within VA likely varies widely across facility types.
We excluded veterans if their facility was linked to fewer than 50 veterans as these facilities may produce unstable estimates of facility-level utilization. Finally, individuals with missing demographic data were excluded.
We used clinical and administrative data from the VHA Central Data Warehouse (CDW) from 1/1/2008-12/31/2016, encompassing 2 years before and 1 year after the chronic pain index date for all cohort members (Fig. 2) . We obtained demographic data, clinical data, and dates of death from CDW outpatient files. To ascertain medication information, we used the CDW outpatient pharmacy files.
Treatment Utilization
We adapted prior work on adherence to clinical practice guidelines for opioid therapy for chronic pain to define 10 pain-related treatment modalities. 12 These modalities included four non-pharmacologic modalities (physical therapy/ occupational therapy [PT/OT], psychosocial treatments, specialty pain clinic, complementary and integrative health), five non-opioid medication classes (non-steroidal antiinflammatory drugs, antidepressants, anticonvulsants, skeletal muscle relaxants, topical analgesics, and opioid medications), and long-term opioid therapy, defined as receipt of ≥ 90-day supply of an opioid medication within a 365-day time period. 13, 14 Full definitions of each modality are available in the Online Appendix. We followed each cohort member for up to 1 year after their chronic pain index date to identify whether they utilized each of the 10 treatment modalities noted above (Fig. 2 ). Individuals were censored during follow-up for mortality or if they utilized palliative care.
Facility-Level Variation
To make inference on facility-level treatment patterns, we assigned every cohort member to the VHA facility where they were observed to receive most of their primary care. For each individual, we identified outpatient primary care visits occurring within 1 year before and after their chronic pain index date. The home facility was assigned to be the facility where the most primary care visits occurred.
To generate a measure of facility-level variation for each treatment modality, we fit a separate quasi-Poisson general linear model to estimate the expected utilization rate for each modality, adjusted for calendar year of index date, age at index date, gender, race/ethnicity, rurality of patient residence, pain diagnoses, mental health diagnoses, substance use disorder diagnoses, and Quan-Charlson's comorbidity index. In order to estimate the utilization rate over 365 days, we assigned a log offset corresponding to the length of follow-up time for each cohort member. The maximum follow-up time was 365 days, or shorter if the veteran was censored. To calculate the expected utilization rate for each facility-year combination, we aggregated the expected utilization rates for each veteran by facility and baseline year. We then calculated observed over expected rates by dividing the observed number of events by the expected number of events for each facility and year. A value of 1 indicated a facility had exactly the expected (or average) utilization that year. Values less than 1 indicated the facility had less than the expected rate of events, and values greater than 1 indicated the facility had a higher than expected rate of events. These observed over expected ratios were then split into quartiles within each year, which can be interpreted as a measure of facility-level variation in pain treatment modalities by year, adjusted for patient characteristics.
Covariates
Gender, date of birth, race/ethnicity, and location of residence were obtained from administrative files. Veterans reporting multiple races were coded as reporting each individually. We assessed rurality of individuals' residence using the VHA's Urban/Rural/Highly Rural classification scheme. 15 We identified pain, mental health, and substance use disorder diagnoses recorded in the 2 years before or 6 months after cohort members' chronic pain index date, categorized based on prior pain studies. 14, 16, 17 We implemented the Quan-Charlson's comorbidity index using outpatient and inpatient encounter data in the 2 years prior and 6 months after index date. 18 Finally, we obtained data on facility rurality and complexity. The VHA maintains a classification of facility traits including facility type, complexity, and urban/rural status. Urban/rural status is defined based on the geographic location of each facility. Facility complexity includes 1a, 1b, 1c, 2, and 3 with 1a being the most complex and 3 being the least complex. 19 
Statistical Analyses
We first calculated descriptive statistics of the study cohort and unadjusted facility-level variation for each modality. We then examined the association between facility-level pain treatment utilization (categorized as quartiles) in the calendar year prior to an individual's chronic pain index date and subsequent patient-level LTOT initiation. Among cohort members with an index date of 1/1/2011-12/31/2015, we fit quasi-Poisson models to estimate the association between each facility-level treatment modality quartile in the prior calendar year and the rate of patient-level LTOT initiation in the 365 days following chronic pain index date, adjusted for patient and facility characteristics. As prior calendar year facility-level data were not available for individuals with an index date in 2010, these models included individuals with chronic pain index dates from 2011 to 2015. We fit a separate model for each modality (Fig. 3, Model 1) and then a single model with all modalities (Fig. 3, Model 2) . The results of these models were summarized as rate ratios and 95% confidence intervals. As a sensitivity analysis, we excluded cohort members prescribed LTOT in the 2 years prior to their chronic pain index date and conducted the above analyses among this Bopioid naïveĉ ohort.
The activities undertaken in this project supported VHA operational programs and did not constitute research; institutional review board approval was therefore not required. This work was supported by the Department of Veterans Affairs, Quality Enhancement Research Initiative (QUE 15-468). The funding sources had no role in the design and conduct of the study; collection, management, analysis, or interpretation of the data; or preparation, review, or approval of the manuscript.
RESULTS
From 2010 to 2015, there were 1,094,569 veterans with incident chronic pain receiving primary care in the Veterans Health Administration (Fig. 1) . This cohort was predominantly male (90%) and White (74%); 46% were 60 years of age or older (Table 1) . Back pain (28%) and neck or other joint pain (36%) were the most common pain diagnoses. Baseline comorbidities included depression (19%), post-traumatic stress disorder (14%), anxiety (11%), and alcohol use disorder (9%).
There was substantial facility-level variation in utilization of pain-related treatment modalities during the first year following incident chronic pain diagnosis (Table 2) . Among nonpharmacologic modalities, psychosocial treatments were the most frequently provided modality (median, 42%, interquartile range [IQR], 38-47%) followed by PT/OT (median, 39%; IQR, 34-45%). There was wide facility-level variation in utilization of non-opioid and opioid medications. Across VHA medical centers, initiation of long-term opioid therapy in the year following incident chronic pain ranged from 5 to 32% (median, 16%; IQR, 12-19%).
For 3 of 4 non-pharmacologic pain treatment modalities examined, facility-level utilization in the prior calendar year was associated with decreased patient-level LTOT initiation in the year following individuals' chronic pain index date, after adjustment for patient and facility characteristics (Fig. 3 , Model 1). For example, veterans receiving care at medical centers in the top quartile for PT/OT in the prior calendar year had a 22% decreased rate of initiating LTOT (adjusted rate ratio [ARR] 0.78, 95% confidence interval [CI] 0.77-0.79) compared to veterans receiving care at medical centers in the bottom quartile. For 4 of 5 non-opioid medication classes examined, facility-level utilization was associated with increased patient-level LTOT initiation in the year following individuals' chronic pain index date, after adjustment for patient characteristics. There was an increased rate of LTOT initiation for veterans receiving care at medical centers in the top quartile for skeletal muscle relaxants (ARR 1.63, 95% CI 1.60-1.65), anticonvulsants (ARR 1.41, 95% CI 1.39-1.44), antidepressants (ARR 1.23, 95% CI 1.21-1.25), and NSAIDs (ARR 1.42, 95% CI 1.40-1.44) compared to veterans receiving care at medical centers in the bottom quartile for each medication class.
These associations were strongest for facility-level LTOT quartile and subsequent LTOT initiation. After adjustment for both patient and facility characteristics and facility-level utilization of pain treatment modalities, veterans receiving care at medical centers in the highest quartile for LTOT in the prior calendar year had a 110% increased rate of initiating LTOT in the year following their chronic pain index date (ARR 2.10, 95% CI 2.06-2.15) compared to veterans receiving care at medical centers in the lowest quartile (Fig. 3, Model  2) . In a sensitivity analysis excluding the 5.7% of cohort members prescribed LTOT in the 2 years prior to their chronic pain index date, model results were similar to those in the primary analyses.
DISCUSSION
In this study of 1,094,569 veterans with incident chronic pain receiving care at 176 VHA medication centers from 2010 to 2015, there was substantial variation in pain treatment utilization among medical centers. Prior studies have documented regional variation in opioid prescribing. 8, 9 In 2015, prescribed opioid dose varied more than 6-fold between US counties in the top and bottom quartile; in this study, facilities varied by 3-fold in any opioid utilization (20-58%) and 6-fold in LTOT (5-32%). To our knowledge, facility-level variation in nonpharmacologic treatments and non-opioid pain medications has not previously been described in a national healthcare system.
As hypothesized, greater facility-level utilization of nonpharmacologic modalities was associated with decreased LTOT initiation. Facility-level variation in nonpharmacologic pain treatment utilization likely involves facility, provider, and patient factors. For facilities, decisions to prioritize support for non-pharmacologic treatment providers such as physical therapists or psychologists likely play an important role; patients cannot utilize services that are unavailable. For providers, prior training and comfort with nonpharmacologic chronic pain management may differ across facilities [20] [21] [22] ; local Bchampions^may drive facility-level change. 23, 24 For patients, past experience with and confidence in the effectiveness of non-pharmacologic modalities may differ across facilities. 25, 26 Several potential mechanisms may underlie the relationship between past year facility-level non-pharmacologic pain treatment utilization and rate of LTOT initiation. First, greater access to and engagement with non-pharmacologic pain treatment modalities may improve important patient outcomes such as pain and function, decreasing the need for LTOT. Alternatively, more judicious prescribing of opioids may lead to both greater concurrent utilization of non-pharmacologic treatment options and continued judicious opioid prescribing in the subsequent year. Unexpectedly, greater facility-level utilization of several non-opioid medication classes was associated with increased LTOT initiation. This association may reflect differences in the Bculture^of pain management across facilities. Providers' level of familiarity and comfort with medications may encompass both opioids and non-opioids alike, leading analgesic medications across multiple classes to be relatively Bavailable^in some facilities. Similarly, patients' expectations around the role of medications, both opioids and non-opioids, may also differ across facilities and communities.
Finally, facility-level utilization of LTOT in the prior year was most strongly associated with subsequent initiation of LTOT among veterans with incident chronic pain. At facilities in the highest quartile for LTOT in the prior year, veterans with incident chronic pain had a 110% increased rate of initiating LTOT in the subsequent year compared to those receiving care at medical centers in the lowest quartile; this rate increased in a stepwise fashion across quartiles. Previous studies have examined patient, provider, and facility factors that increase risk of LTOT. Patient-level predictors of LTOT initiation have included male sex, greater pain intensity, nicotine dependence, mental health, and substance use disorder diagnoses. 13, 14, 27, 28 Physicians' opioid prescribing practices at hospital discharge and in the emergency department have been shown to impact risk of long-term opioid use. 29, 30 Prior studies of facility-level interventions have primarily focused on strategies to manage opioid-related risks. 31, 32 As with the relationship seen with non-opioid medications, this finding may also represent a Bculture^at the facility level around the appropriate role of opioid medications for chronic pain. Alternatively, variation may be driven by outliers within facilities where a small number of providers are substantially more or less likely to prescribe opioid compared to their peers.
Study findings should be interpreted in the context of the study's limitations. First, this is an observational study; the associations identified should not be interpreted as causal. Second, we are not able to characterize the indication or appropriateness of individual treatment modalities for individual patients. For example, psychosocial treatment for a veteran with chronic pain may have targeted a co-occurring condition such as depression. In a biopsychosocial model of chronic pain, treatment of co-occurring conditions can be considered a component of multimodal pain care. Third, we examined a veteran population and our results may not be generalizable to other populations or healthcare systems. Finally, we are not able to identify pain treatment received in other healthcare systems, in the community, or as self-management. We excluded community-based clinics from this analysis as availability of non-pharmacologic pain treatments likely differs in these settings compared to medical centers. These limitations highlight important next steps for researchers and policymakers. Randomized trials are needed to determine the effectiveness of non-pharmacologic pain treatment modalities to prevent or decrease long-term opioid use while effectively managing chronic pain. These data could assist patients and providers in selecting the nonpharmacologic strategies that are most likely to provide meaningful benefit. As expert consensus recommends non-opioid treatment of chronic pain, evidence-based models of care are needed to facilitate access to the range of chronic pain treatments. Future studies should seek to inform implementation of the range of non-pharmacologic and non-opioid treatment options across diverse, real-world clinical settings. These efforts will require support from healthcare leaders and significant investment in the health system's capacity to deliver the range of evidence-based non-pharmacologic treatments. 33 The return on these investments should be measured in gains in function and improvements in quality of life but may also include prevention of opioid-related harms.
In conclusion, among a national cohort of veterans with incident chronic pain, we identified substantial facility-level variation for each of 4 non-pharmacologic pain treatments and 6 medication classes. This facility-level variation was associated with subsequent patient-level rate of LTOT initiation. Further studies should seek to understand facility-level variation in chronic pain care and to identify facility-level utilization patterns that are associated with improved patient outcomes.
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